Empirical research on the dynamics of the US dollar price of gold has largely focused on the macroeconomic influence of developed economies and gold's role as a safe haven during times of market turmoil. However, the economies of several emerging markets now account for a substantial fraction of global gold holdings, and these holdings are not necessarily correlated with financial market uncertainty in developed markets. This paper compares two extensions to a popular econometric model of the US dollar gold price. We do so by incorporating the consumer holdings of gold from the largest emerging markets and comparing the effectiveness of our model over time to one that incorporates a measure of volatility in US financial markets (the VIX index). Our results indicate that emerging market consumer demand has a significant and growing impact on the relationship between USD exchange rates and the price of gold, and that this relationship has a stronger influence than does the level of uncertainty in US financial markets.
Gold Prices and the Value of the US Dollar
Gold is a unique asset that has received relatively less attention from academic researchers than other financial assets, such as equities, currencies, and fixed-income securities. Gold serves several traditional financial purposes, acting both as a store of value and a means of exchange. Unlike other financial assets, gold also serves practical purposes both for industry and as jewelry. Although gold was the single most important financial asset in most economies throughout most of recorded history, the transition to fiat monetary systems in the twentieth century has relegated gold to a second-tier status in terms of attention from researchers and policy makers. This is despite the important role that gold continues to play for both retail investors and central banks.
For the past several decades, gold has been priced chiefly in US dollars. Therefore, changes in the price of gold may reflect the relative strength of the US dollar as much as any changes in the demand or supply of gold. The non-financial uses of gold, along with its unprecedented history as a store of value, cause many investors to view it as a hedge against financial uncertainty. This should cause the gold price to be negatively correlated with the value of the US dollar. While evidence on gold's ability to hedge against financial uncertainty is mixed, there exists convincing evidence of gold's negative correlation with the US dollar during the 1984-2003 time period (Tully & Lucey, 2007 ; hereafter referred to TL). evaluate the importance of emerging market consumer demand relative to another popular variable used to explain the price of gold, the VIX measure of financial market uncertainty. Our analysis allows us to judge the importance of each variable in explaining the joint relationship between gold and US dollar exchange rates, as well as how these relationships have changed over time.
Our results illustrate several important facts about the dynamic relationship between gold prices and US dollar exchange rates. First, the fit of the TL model has degraded over time, especially in the post-2003 sample period. Second, emerging market demand has an important influence on gold prices. Including emerging market demand leads to a substantially better model fit and is significant in explaining the link between gold and the US dollar exchange rate. Third, the significance of emerging market consumer demand is a recent phenomenon, whose influence has strengthened over time. Fourth, in the context of the TL model, financial market uncertainty is insignificant in explaining the price of gold and including it does not substantially improve model fit or explain the joint relationship between gold and US dollar exchange rates. Our analysis provides a demonstration of the extent to which once-accurate economic models are constantly in need of revision in order to maintain their usefulness in an ever-changing economic environment.
The paper is organized as follows. Section 2 discusses the existing research on the dynamics of exchange rates and gold pricing, emerging market demand for gold, and the potential links between market uncertainty and gold prices. Section 3 describes the APGARCH model of TL that we replicate and expand. Section 4 discusses the results of our analysis, while Section 5 offers conclusions and implications.
Research on Gold Pricing, Exchange Rates, Consumer Demand, and Market Uncertainty
Existing research on the dynamic relationship between gold prices and exchange rates have identified four distinct sets of variables that drive this relationship. The first set concerns shocks to macroeconomic variables, such as unexpected US money supply changes (Tandon & Urich, 1987) and news about US budget deficits (Kitchen, 1996) . A second stream of work models the gold price movement relative to interest rates. For instance, Koutsoyiannis (1983) and Fortune (1987) report there is a significant relationship between the gold price and U.S. short term interest rates. Diba and Grossman (1984) estimate the correlation between the time series properties of gold prices and interest rates.
The third set captures the extent to which gold acts as a safe haven and hedge against economic crises, uncertainty, or inflation. Sjaastad and Scacciavillani (1996) examine how gold stores value in a crisis period, while Baur and Lucey (2010) show that gold serves as a short-term safe haven for stocks. Cohen and Qadan (2010) , Sari, Hammoudeh, and Soytas (2011), Qadan and Yagil (2012) , Hood and Malik (2013) , Padungsaksawasdi and Daigler (2014), and Miyazaki and Hamori (2013) model the relationship between gold prices and the VIX measure of volatility in US financial markets. They provide mixed evidence as to the usefulness of using the VIX measure of uncertainty in explaining changes in the price of gold.
The fourth perspective interprets the gold price movement as a function of U.S. dollar exchange rates. Capie, Mills, and Wood (2005) , Sari, Hammoudeh, and Soytas (2011), and Sari, Hammoudeh, and Soytas (2010) examine gold's hedging role against the U.S. dollar. Because gold prices are predominantly quoted in US dollars, any analysis of the price of gold necessarily involves jointly modeling the value of the US dollar. Consistent with this, Kaufman and Winters (1989) and Ghosh et al. (2004) found that changes in the dollar exchange rate had a significant impact on the price of gold.
One variable that has not received much attention in the published literature is the role of emerging market demand on the price of gold. Anecdotal evidence has suggested that demand for jewelry on the part of Indian consumers or for reserves by the People's Bank of China could mark substantial shifts in worldwide demand and holdings of gold (Clarke & Li, 2014) . However, these variables have not been evaluated in the context of formal empirical models.
It is also useful to note that published studies generally do not provide a simple analysis between gold and a single explanatory variable. All published studies include some multivariate joint analysis of the gold price, usually involving several of the categories of variables mentioned above, incorporating exchange rates, interest rates, and/or financial market measures. Our analysis evaluates the relative effectiveness of macroeconomic and risk-based measures in the joint modeling of gold prices and exchange rates.
APGARCH Modeling of the Gold Price
TL explore a wide variety of time-series models of the dynamic relationship between the price of gold and the value of the US dollar. They identify the APGARCH model as being appropriate for jointly modeling the price of gold and the value of the US dollar. The APGARCH formulation allows for effective modeling of the periods of www.ccsenet.org/ijef International Journal of Economics and Finance Vol. 7, No. 7; 2015 volatility-clustering over time that are a feature of the price of gold.
Our APGARCH model(s) take the following form:
Where represents natural log difference between the quarterly cash gold price from time t-1 to time t and represents the variance of this process. X represents the set of macroeconomic explanatory variables that jointly describe the change in gold prices over time. These variables include US dollar and UK pound exchange rates, emerging market consumer demand, market uncertainty, and control variables.
Empirical Analysis
We implement our tests with data from Datastream over the time period from 1984 until 2013. Our dependent variables of interest are GOLD, the monthly gold bullion cash price in US dollars per troy ounce (Note 1), the USD dollar effective exchange rate (Dollar), the UK Pound Sterling effective exchange rate (Pound). We also include the same control variables as TL: the FTSE 100 equity index (FTSE), the US 3-month T-Bill interest rate (TBill), and the UK consumer price index (UK CPI). A new data point that we collect and incorporate into the model is the sum of Indian and Chinese consumer demand for gold (EM Demand). EM Demand represents data codes CHCGTCDQP and INCGTCDQP from Datastream, originally sourced from Thomson Reuters GFMS, and measured by non-seasonally-adjusted gross volumes, in tons. We measure gold demand by volume rather than value because any price-based measure would be endogenous to our analysis. We also include the VIX index of financial market volatility (VIX) as a proxy for market uncertainty. All variables are measured as the change in log value from period t-1 to t. Additional tests also interact time trend variables with VIX and EM Demand in order to examine how these two variables may have evolved over time in their ability to explain gold price dynamics. Table 1 provides descriptive statistics of our quarterly data. The values and characteristics of our data are comparable to those in other studies. Figure 1 illustrates the cumulative values of our primary variables over our sample period. From Figure 1 it is apparent that the gold price has exhibited a long-term appreciation that dwarfs the growth rate of our other variables. EM Demand has experienced more moderate growth over the sample period. Estimates of our model that incorporate the VIX measure of market uncertainty are presented in Table 3 . The VIX variable is insignificant in explaining the price of gold. We also see no significant evidence of the power of VIX changing over our sample period, as the coefficient estimate on our time-trend interaction term is also insignificant. The adjusted R-squared measures of 10.75% and 12.94% indicate that these models provide little additional power to explain variation in gold prices beyond that of the base model presented in Table 2 . The weakness of VIX in explaining gold prices in the context of our model is in contrast to the results (using a different modeling approach) of Qadan and Yagil (2012). Note. This Table presents coefficient estimates and standard errors from the APGARCH models described in equations 1 and 2. The dependent variable, Gold, is the quarterly gold bullion cash price in US dollars per troy ounce over the 2000 to 2013 sample period. The first two columns present results including a term for the VIX index. The third and fourth columns include both the VIX and the VIX interacted with a time trend variable. Significance levels are indicated by *** for 1%, ** for 5%, and * for 10% levels. Table 4 incorporates demand (EM Demand) from consumers in the emerging markets of India and China into our model. This variable is marginally significant in the first specification of our model and quite significant in the second specification. Interestingly, the coefficient takes a significant negative coefficient estimate, suggesting that increased holdings of gold by Indian and Chinese consumers are associated with a decrease in the price of gold. Although our tests do not probe the nature of causality, the results suggests that over a short-term horizon, emerging market consumers respond to decreases in the dollar price of gold by increasing their gold holdings, and not that increases in emerging market demand lead to short-term increases in the price of gold. The R-squared measures of 19.25% and 19.88% also indicate that models including this variable provide a much better fit that our base model from Table 2 or models incorporating the VIX measure, presented in Table 3 . The interaction of the time trend with EM Demand suggests that that most of the power of EM Demand in explaining the price of gold has come from the strengthening of this relationship over time.
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International Journal of Economics and Finance Vol. 7, No. 7; 2015 During the third and fourth quarters of 2013, the Indian government instituted import restrictions on gold known as the "80:20 rule" (Christensen, 2014) . The imposition of the 80:20 rule coincided with a sharp drop in US dollar gold prices and raises questions about how dependent our results are on this specific sub-period. Table 5 therefore reports our APGARCH model including EM Demand, but drops observations the last two quarters of 2013 when the 80:20 rule was in effect. The estimates reported in Table 5 remain very similar to those in Table 4 . This indicates that the coefficient estimates reported in Table 4 describe a fairly persistent relationship between gold price and the value of the US dollar over recent years and is not merely driven by the extreme movement in emerging market demand for gold in the second half of 2013. 
Conclusions and Future Directions
Our analysis has shown that the APGARCH modeling approach of Tully and Lucey (2007) can be a useful starting point in understanding the evolving nature of how gold prices are determined by investors. A basic model of US dollar gold prices that worked well in the 1984-2001 period no longer remains as effective in more recent time periods. We explore the potential of using the VIX measure of market uncertainty as a potentially useful variable to use in updating the TL model, but find that VIX has little power to explain gold prices in the context of this model. Instead, we find that the consumer demand from major emerging markets (India and China) is a much more useful variable to use in explaining gold price dynamics. Emerging market consumer demand is significant in explaining the US dollar gold price, it substantially improves the fit of our model, and has increased in importance over time.
Our approach illustrates how models must be continually updated in order to remain relevant in changing market conditions. In this analysis we have focused on the mean equations of the TL APGARCH model of the gold price. We have not focused on the variance component of the equation, and have not found any of our explanatory variables to be strongly related to volatility clustering of the gold price over time, or of how this relationship has changed in more recent periods. This would be a potentially useful area for further research and may help to explain why the Threshold GARCH (TARCH) modeling approach of Qadan and Yagil (2012) finds a much stronger association between VIX movement and gold prices than our analysis does. A last point to consider would be to examine the nature of causality between emerging market consumer demand and gold prices. We have demonstrated a negative association between the two at quarterly horizons, but further work could identify if this represents the response of consumers to changing gold prices or pressure from consumer demand on international prices.
